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EP 0 592 084 B1
Description

Cross-Reference To Related Patent Applications

This invention is related to the U.S. Patent of Murray Robinson, Christopher Joyce, and Timwah Luk, US-A-
5,150,177, filed December 6, 1991, for Schottky Diode Structure With Localized Well, for Fabrication Process For
Schottky Diode With Localized Diode Well.

Technical Field

The present invention relates to an improved a process for fabricating a Schottky transistor structure incorporating
aretrograde localized well under an extended base contact, establishing a Schottky diode structure in conjunction with
the bipolar transistor structure. The present invention is applicable to bipolar and BICMOS integrated circuits, with
fabrication processes that lead to faster, more reliable Schottky transistor structures. More particularly, the present
invention uses selected mask sequences from bipolar fabrication steps with modification of the masks according to
the invention to form the improved Schottky transistor.

Background Art

In the field of bipolar and integrated circuits, particularly those circuits used in transistor-transistor logic (TTL)
technology, bipolar junction transistors are sometimes "clamped" so as to restrict the forward biasing of the collector-
base junctions. This is to prevent excess minority carrier storage in the base region while the transistor is "on," i.e., to
prevent the transistor's going into "deep saturation" while conducting, a condition which severely limits the speed with
which the transistor can be switched off. Deep saturation is particularly undesirable in the "pull-up" and "pull-down"
transistors used in binary logic circuits where switching speed is essential.

For many applications, the voltage-clamping device of choice for this task has been the Schottky diode, which has
asharp knee at a low voltage in the forward i-v curve and also a reasonably low reverse saturation current. The collector-
base junction is shunted by a Schottky diode. The clamping is effected by shunting the transistor's collector-base
junction with a Schottky diode oriented so as to be forward-biased when the collector-base junction is forward-biased.

Modern Schottky diodes are formed by laying down a metallic film on a semiconductor. Provided the semiconductor
carrier concentration is not too high, a rectifying junction--the Schottky junction--is at the metal/semiconductor interface;
its key characteristics--Schottky barrier and reverse saturation current--are determined by the semiconductor carrier
concentration at that interface. (If the concentration is too high; the interface will be ohmic rather than rectifying; there
will not be a Schottky diode established.)

Prior art integrated circuits incorporating Schottky diodes are typically formed by depositing metal on the surface
of an epitaxial layer of semiconductor material. See, for example, U.S. Pat. No. 4,849,344 issued to Desbiens et al. in
1989 and U.S. Pat. No. 4,943,742 issued to Fukushima in 1990. In many cases this same epitaxial layer forms a part
of the collector region of the bipolar transistor. The base region is of opposite type semiconductor from that of the
epitaxial layer (P type if the epitaxial layer is N type, and conversely). The transistor structure also includes an emitter
region of the same conduction type as the collector region. Fabrication procedures for typical prior art transistor struc-
tures have been described in U.S. Pat. No. 3,648,125 issued to Peltzer in 1972, and U.S. Pat. No. 4,498,227 issued
to Howell et al. in 1985. The monocrystalline epitaxial layer is typically doped uniformly with donors or acceptors and
formed by vapor deposition on a semiconductor substrate of opposite conductivity type: i.e., if the substrate is N type
material, the epitaxial layer will be N type, and conversely. (The substrate is usually of the same conductivity type as
the base region of the transistor to be formed, though with a lower carrier concentration.) The epitaxial layers produced
in most prior-art fabrication processes are doped essentially uniformly, with a typical surface concentration of about
1-3x1018 donors/cc, leading tc a sheet resistance of about 3500-4500 ohms/sq and a bulk resistivity of about 0.5 ohm-
cm nominal. Schottky junctions formed at the surface of such layers have a turn-on voltage of about 0.45V @ 30 nA/
um2, and low reverse saturation current.

Unfortunately, the prior art Schottky structures have several characteristics that limit their usefulness as voltage
clamps for collector-base junctions in certain important integrated circuits. These problems are principally 1) a high
series resistance within the diode--which causes the "clamped" voltage to rise as a function of current through the
Schottky diode--and 2) relatively wide carrier concentration variations on the semiconductor side of the Schottky in-
terface--resulting in clamping voltage variations (and hence switching time variations) from one Schottky transistor to
the next. These problems are described in the cross-referenced U.S. patent application of Robinson et al., US-A-
5,150,177, filed December 6, 1991, entitled Schottky Diode Structure With Localized Well. In summary, when a prior
art Schottky diode that suffers from the above-mentioned problems is part of a transistor, the result is a slower, less-
predictable transistor than is otherwise achievable.
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As illustrated in FIG. 1, a cross-sectional view of a typical prior art Schottky transistor configuration, the transistor
portion includes a highly-doped collector surface region 1, an epitaxial layer 3, an underlying buried collector layer 4,
and a base region 5. A Schottky contact 2 at the surface of the epitaxial layer 3 comprises in conjunction with the
epitaxial layer 3 a Schottky diode structure that serves to limit voltage across the collector-base junction and to divert
minority carriers away from the base region 5. This N type epitaxial layer is doped as previously indicated, with donor
concentration relatively uniform.

Although the epitaxial layer's donor concentration of 1-3x1016/cc produces a Schottky diode with good junction
characteristics, it also leads to a high series resistance within the diode. This high resistance results in a current-
dependent voltage drop through the bulk of the diode which adds to the drop across the Schottky junction during current
flow, thus causing the "clamped" voltage across the collector-base junction to drift upward, leading to a minority-carrier
build-up within the base. In order to provide a Schottky diode with adequate shunting capacity at a fixed voltage, it is
necessary to reduce the diode's bulk resistance--i.e., the resistance of the current pathway through the semiconductor--
to the rest of the circuit. The usual ways to decrease the resistance of a pathway are: a) decrease the resistivity of the
material making up the pathway, b) decrease the pathway length, ¢) increase the pathway cross-section. These meth-
ods are not directly practicable in the current state of the art. That is, it is not possible to decrease the resistivity of the
epitaxial layer without degrading the Schottky junction and other circuit components. Moreover, because of the other
configurational requirements of the circuit structure, it is generally not possible to reduce the length of the path through
the epitaxial layer. Finally, any increase in the diode's cross-section is at the cost of increasing parasitic diode capac-
itance and decreasing the number of active structures that can be formed on a given substrate. Thus, within the prior
art constraints, overcoming the problem of high diode resistance must be balanced against the problems associated
with an increase in the structure's dimensions.

The other problem associated with prior art Schottky diode fabrication methods is the above-mentioned variation
in donor concentration from one device to the next. For a number of reasons, donor concentrations in the epitaxial
layer can vary by as much as £30% from semiconductor "wafer" to wafer, or within a wafer. In prior-art structures these
variations resulted from the way in which donor concentrations were achieved; that is, the growth of the epitaxial layer
controlled the donor levels in the wafer. In fact, actual donor concentrations in the epitaxial layer are not known until
after the deposition process is completed. This fluctuation translates into characteristic variability for a given fabrication
lot; it directly affects the forward voltage drop and the reverse current at the metal-semiconductor interface. It also
directly affects the series resistance through the bulk of the epitaxial layer. In effect, the forward voltage drop, the
reverse current leakage rate, and the series resistance may all vary significantly from one diode to the next.

Recent innovations in integrated circuit bipolar NPN transistor structure fabrication methods have led to increasing
localization and miniaturization of active areas. These new techniques include implanting relatively slow-diffusing N
type atoms in a P type substrate (so as to form a buried N* collector layer for the bipolar structure), using a collector-
fabrication sequence: mask, etch, and implant. Next, a "sub-emitter collector region" of relatively fast-diffusing N type
atoms in an N++ concentration is implanted into a portion of the buried collector layer. The implant is provided by means
of a sub-emitter collector mask, etch, and implant sequence. The epitaxial layer of semiconductor material, with an N-
concentration of donors, is then deposited on the substrate. The donor concentration in this new epitaxial layer, typically
about 1-3x101® donors/cc, has a lower donor concentration than is present in earlier prior-art epitaxial layers. The
reason for this reduction is to minimize parasitic collector/base capacitance in the bipolar structure and to localize sub-
elements of the integrated circuit, both increasing concerns as integrated circuits continue to be miniaturized.

In the recent fabrication processes, thermal cycling causes the sub-emitter collector region to up-diffuse, or "ret-
rograde diffuse" through the epitaxial layer in a well-defined manner. This retrograde diffusion thus establishes a donor
concentration gradient through these localized areas of the epitaxial layer. Near the epitaxial layer surface the donor
concentration is lowest; near the epitaxial layer/substrate interface the concentration is greatest. The resistivity of the
sub-emitter collector region therefore decreases from that region's surface to the underlying substrate. The donor
concentration, at least in this region, is no longer controlled by the growth of the epitaxial layer; instead, the extent of
the implant is the dominant factor.

Continuing this new procedure, isolation regions of silicon dioxide are formed--using a conventional active-area
mask, etch, and growth sequence--in order to provide surface isolation between active areas. In the final stages of this
new fabrication process, contact deposition regions are formed through a contact definition mask, etch and deposition
sequence, using a passivating silicon nitride layer as the mask. A first metal is then deposited in the contact regions.
(One way to establish a Schottky clamping transistor, is to extend the metal deposited over the base region to cover
the surface of the adjacent epitaxial layer.) A second metal layer is then deposited over the first metal layer. It should
be noted that an interlayer dielectric may be formed on the first metal layer, prior to second metal layer deposition, so
as to separate the two metal layers.

A disadvantage of the reduced donor concentration in the epitaxial layer of the described structure is that the
relatively light doping is unsuitable for a Schottky diode of the type needed. A diode formed utilizing that substrate has
a much higher turn-on voltage as well as a higher reverse current leakage than would be acceptable or useful. Also,
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as addressed earlier, the series resistance through the epitaxial bulk is excessive with this light doping. All of these
characteristics in a Schottky transistor would make it a less-than-optimal collector-base shunt for limiting minority car-
riers in the base region. Furthermore, the use of the low donor-concentration epitaxial layer as part of the Schottky
diode would still result in performance variability problems from one diode to the next because the deposition process
remains the same; only the donor concentration is lower.

As indicated, these problems have been noted and addressed in US-A-5,150,177 for a generic Schottky diode.
That disclosure describes a method of retaining the advantages of a relatively lightly-doped epitaxial layer while in-
creasing the donor concentration in the Schottky diode region. That donor concentration is achieved by forming a
localized NWell below the metal-semiconductor interface of the diode at the same time that the NWell of a PMOS
transistor is formed. This localized well, of a size similar to that of the PMOS NWell, provides a pathway with increasing
donor concentration and hence provides a low-resistance pathway for the current, while continuing to allow a suitably
high semiconductor resistance at the metal/semiconductor interface. In order to use this localized NWell technique in
the fabrication of a Schottky transistor--i.e., 1o incorporate it into the fabrication of a bipolar junction transistor--it would
have to be modified in order to permit the Schottky diode to be tailored to the dimensions of the transistor's active area.
It would, for example, be unacceptable to simply incorporate a large localized Schottky diode well. This would increase
the size of the transistor, and hence transistor capacitance, and decrease the device density possible on a given wafer.

Therefore, what is needed is an improved Schottky transistor formed using a Schottky diode as a collector-base
junction clamp, where the Schottky diode has low reverse-leakage, a relatively low turn-on voltage and little charac-
teristic variability from one structure to another. What is also needed is a Schottky transistor with a Schottky diode
structure that has a relatively low-resistance current path through the bulk of the semiconductor material. Such a struc-
ture would increase the speed at which minority carriers are diverted away from the collector-base junction of the
bipolar transistor and would minimize the required size of the transistor. Further, what is needed is a Schottky transistor
with a Schottky diode structure that can be tailored to the specific current-diverting requirements of the particular bipolar
transistor. Still further, what is needed is a new bipolar transistor fabrication process that includes the fabrication of the
new clamping Schottky diode using existing bipolar mask sequences modified to include the formation of the new
Schottky diode structure.

Objects of the Invention

Itis therefore an object of the present invention according to claim 1 to provide a process for fabricating an improved
bipolar junction transistor with Schottky diode clamping means so as to restrict the forward biasing of the collector-
base junctions. The improved Schottky transistor of the invention utilizes a Schottky diode structure that has low reverse
leakage, a relatively low turn-on voltage, and a relatively low-resistance current path through the bulk of the diode
substrate. The invention utilizes a retrograde well in the epitaxial layer to form the substrate of the Schottky diode,
wherein a relatively low concentration of donors at the diode junction provides reasonable reverse-leakage and a
relatively low turn-on voltage. A relatively high concentration of donors in the bulk of the retrograde well provides a low
series resistance for the diode current path. As a result, minority carrier storage in the base region is minimized and
a faster-switching transistor is achieved.

Another object of the present invention is to provide a relatively simple means of fabricating an improved Schottky
transistor by incorporating the fabrication of the new Schottky diode into the existing fabrication process for bipolar
junction transistors. The invention includes the fabrication of the new Schottky diode using bipolar mask sequences
modified to include the formation of the new Schottky diode. Forming the diode substrate as a localized well tailored
to the particular needs of a specific bipolar transistor yields Schottky transistors with more uniform characteristics from
wafer to wafer and within a wafer because the donor concentration can be more tightly controlled in the formation of
the donor well than it can in the formation of the epitaxial layer.

Still another object of the present invention is to provide new mask structures and new mask, etch, implant and
oxidation sequences for fabricating the new Schottky transistor structure.

Disclosure of the Invention

The present invention according to claim 1 achieves the above objectives by providing a process for fabricating a
retrograde diode well in the epitaxial layer of the bipolar transistor. The retrograde well lies under the metal-semicon-
ductor interface of the Schottky diode used to clamp the transistor. The well comprises semiconductor material that
has essentially the same, or a slightly higher, concentration of donors at the diode junction when compared to prior-
art Schottky diodes. This surface concentration, nominally 2x1016 donors/cc, results in a diode with low reverse leakage
and with a turn-on voltage of about 0.425 V @ 30 nA/um? --essentially the same characteristics as prior-art Schottky
diode junctions. Beyond the diode junction, however, the similarities end. The retrograde diode well of the present
invention has a steadily increasing donor concentration down through to the underlying buried collector layer. This
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increasing concentration provides a current pathway with reduced series resistance, thereby minimizing the current-
dependence of the clamping voltage of the collector-base junctions. Near the interface between the retrograde well
and the underlying buried collector layer, in fact, the donor concentration may exceed 1x1017 donors/cc.

The increasing donor concentration down through the well of the present invention results in adecrease in resistivity
from the diode junction down to the underlying substrate. The ability to provide a Schottky diode with decreasing
resistivity down through the retrograde diode well yields suitable clamping without the need to increase the diode's
dimensions. Utilization of a retrograde well of known donor concentration and controlled up-diffusion provides a
Schottky diode substrate, and thus a Schottky transistor, of well-defined characteristics and of minimal fluctuations in
operating characteristics from one transistor to the next.

The invention also provides an improved bipolar transistor by incorporating the fabrication of the improved Schottky
diode region into existing bipolar transistor fabrication sequences, whether the sequences are strictly bipolar or BIC-
MOS. The bipolar structure includes the buried collector layer of relatively slow-diffusing N type atoms formed in a
substrate of P type semiconductor material. A well of relatively fast-diffusing N type atoms in an N+ concentration is
subsequently implanted into a portion of the buried collector layer. This well of relatively fast-diffusing atoms forms the
localized sub-emitter collector region that later up-diffuses into the epitaxial layer deposited over the entire substrate.
The localized sub-emitter collector region underlies the emitter and active base layer of the bipolar transistor substrate.

According to the present invention, the clamping Schottky diode is formed by using the buried collector layer of
the transistor and a sub-emitter collector-like region. The buried collector layer is common to the transistor structure
and the Schottky diode structure and this is of key importance to the special utility of the invention. A localized well of
relatively fast-diffusing N type atoms, the same type used to form the transistor's sub-emitter collector region, is per-
mitted to up-diffuse to the surface of the epitaxial layer to form the retrograde diode well with a donor concentration
gradient as previously noted. An alternative Schottky transistor structure of the present invention involves the elimina-
tion of the sub-emitter collector region while leaving the diode's retrograde well in place. This results in a Schottky
transistor with a higher breakdown voltage than would be the case for Schottky transistors formed using the prior-art
bipolar or BICMOS fabrication processes.

The present invention adds to and enhances the bipolar transistor fabrication process by including the fabrication
of the retrograde diode well in the active area of the transistor. The retrograde well enhances the portion of the epitaxial
layer in the region underlying the Schottky contact area. This is of importance in the particular bipolar fabrication process
contemplated for as previously stated, the epitaxial layer of the present invention is very lightly doped and a Schottky
diode using such an epitaxial layer as its substrate would require a higher-than-desirable turn-on voltage, and it would
have a very high series resistance.

The present invention is also seen as providing an improved BICMOS integrated circuit incorporating the improved
Schottky diode to produce a Schottky transistor, as the CMOS transistor structure--including complementary NMOS
and PMOS transistor structures--is being fabricated. In the BICMOS fabrication process, the sub-emitter collector re-
gion of the bipolar transistor and the NWell of the CMOS transistor are implanted simultaneously. The retrograde diode
well of the present Schottky transistor can be implanted at the same time.

The remaining steps in the fabrication of the present Schottky transistor may be incorporated into the BICMOS
fabrication steps, resulting in the formation of a new structure without adding any new BICMOS fabrication steps.
Furthermore, the associated BICMOS structures on a common substrate are normally separated by field oxide regions
which provide enhanced isolation. The formation of these field oxide regions adds to the fabrication considerations
and reduces active structure space availability. It is therefore important to note that the improved Schottky transistor
of the present invention utilizes the advantages of a retrograde-well Schottky diode without the need to separate the
transistor region from a stand-alone Schottky diode with a field oxide region.

According to the invention, a buried collector layer definition mask, etch and implant sequence, used to implant
relatively slow-diffusing N type atoms, is modified to construct the buried collector layer definition mask to provide not
only a mask with a buried collector layer opening for the transistor region, but to expand the area of that buried collector
layer to the extent necessary such that it will underlie the Schottky diode region as well.

The next major step in the process is to form the transistor's sub-emitter collector region by using a sub-emitter
collector definition mask, etch and implant sequence to implant relatively fast-diffusing N type atoms in a portion of the
buried collector layer. According to the invention, the retrograde diode well is fabricated by constructing the sub-emitter
collector definition mask to act not only as a sub-emitter collector definition mask, but as a retrograde diode well def-
inition mask also, with a retrograde diode well defining opening over the buried diode layer of the improved bipolar
structure. Alternatively, the sub-emitter collector definition mask, etch and implant sequence may be modified to omit
implantation of the relatively fast-diffusing N type atoms to form the sub-emitter collector region. Instead, the retrograde
diode well definition mask, etch and implant sequence may be carried out alone.

The fabrication process involves at least one annealing step after deposition of the relatively lightly-doped epitaxial
layer and formation of the collector, base and emitter regions of the bipolar transistor structure in the epitaxial layer.
The annealing step produces the up-diffusion of the relatively fast-diffusing N type atoms implanted in the buried col-
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lector layer forming the sub-emitter collector region and the up-diffusion of the same relatively fast-diffusing N type
atoms distributed from the buried diode layer through the epitaxial layer to the surface of the epitaxial layer, thereby
forming the retrograde diode well of the Schottky diode of the improved Schottky transistor.

The diode junction of the Schottky diode region is formed by constructing a bipolar transistor contacts definition
mask to form a diode junction definition mask with diode junction defining opening over the surface of the retrograde
diode well. The bipolar active area contacts and the diode junction are formed by a bipolar transistor contacts mask
and deposition sequence wherein a refractory metal is deposited on the surface of the entire structure, thereby forming
a metal-silicide composite in all regions containing doped semiconductor material. In the preferred embodiment of the
invention, the refractory metal is Platinum. The fabrication of the improved Schottky diode structure as part of the
improved Schottky transistor is completed by constructing a Metal 1 definition mask as a diode Metal 1 definition mask
including diode Metal 1 defining openings over the diode junction region.

In addition to the improved Schottky transistor structure, the present invention also provides new bipolar transistor
photo-definition masks including the new buried collector layer definition mask also forming an expanded buried col-
lector layer definition mask, a new sub-emitter collector layer definition mask also forming the retrograde diode well
definition mask, a new bipolar transistor contacts definition mask also forming the diode junction definition mask, and
a new Metal 1 definition mask also forming the diode Metal 1 definition mask.

IBM Technical Disclosure Bulletin, Vol. 17, No. 6 (1974), pages 1609-1610, discloses a Schottky transistor in which
the conductivity in the epitaxial layer deep beneath the metal semiconductor interface is increased by ion implantation.

According to the invention there is provided a process for fabricating a Schottky transistor structure having a bipolar
transistor structure and a Schottky diode structure, the bipolar transistor structure having collector, base and emitter
regions formed in the surface of an epitaxial layer of semiconductor material deposited over a substrate and a buried
collector layer formed in the substrate underlying the collector, base and emitter regions, the buried collector layer
being separated from the base and emitter regions by a portion of the epitaxial layer, in which the Schottky diode
fabrication comprises steps in the following sequence of:

a. forming a buried diode layer by implanting N type atoms through a buried diode layer defining mask opening
during a bipolar buried collector layer definition mask sequence;

b. forming a retrograde diode well by implanting N type atoms in the substrate through a retrograde diode well
defining mask opening and into the buried diode layer;

c. depositing said epitaxial layer over the buried diode layer and the retrograde diode well and up-diffusing the diode
well to the surface of the epitaxial layer,;

d. forming a diode junction contact region over the retrograde diode well by depositing a blanket layer of refractory
metal over the epitaxial layer and etching the refractory metal while leaving a refractory metal diode junction

contact during a bipolar contact definition mask sequence; and

e. forming a metal contact over the diode junction contact during a bipolar M1 metal contact definition mask se-
quence.

Brief Description of the Drawings

Figure 1 is a simplified diagrammatic elevation view of a prior art Schottky transistor structure.

Figure 2 is a simplified diagrammatic elevation view of the 1.0 BCL mask, etch and implant sequence of the bipolar
transistor fabrication process showing the new 1.0 BICMOS buried collector layer definition mask with buried collector
opening and the new buried diode layer opening, both forming a single expanded buried collector layer for the new
Schottky transistor structure using the fabrication steps described in the prefered embodiment of the invention.

Figure 3 is a simplified diagrammatic elevation view of the 2.0 mask, etch and implant sequence of the bipolar
transistor fabrication process showing the new 2.0 sub-emitter collector definition mask with bipolar transistor sub-
emitter collector region opening and the new retrograde diode well definition opening for the Schottky diode structure
of the Schottky transistor structure described in the preferred embodiment of the present invention.

Figure 3A is a simplified diagrammatic elevation view of the 2.0 mask illustrated in Figure 3 without the sub-emitter
collector region formed above the buried collector layer.

Figure 4 is a simplified diagrammatic elevation view of the 5.0 collector sink region definition mask, etch and implant
sequence of the bipolar transistor fabrication process, showing the upward diffusion of the sub-emitter collector region
and the retrograde diode well of the Schottky transistor.

Figure 5 is a simplified diagrammatic elevation view of the 10.0 contact region definition mask and etch sequence
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of the bipolar transistor fabrication process, showing the new 10.0 contact regions mask with the contact regions of
the bipolar transistor structure and the new diode junction definition opening for the Schottky diode structure.

Figure 6 is a simplified diagrammatic elevation view of the 14.0 contact define mask and eich and Platinum dep-
osition sequence of the bipolar fabrication process, showing the new 14.0 contacts definition mask with the contact
regions of the bipolar transistor and the diode junction opening described in the preferred embodiment of the invention.

Figure 7 is a simplified diagrammatic elevation view of the Platinum deposition sequence of the bipolar transistor
fabrication process, showing the Platinum blanket deposition on all surfaces of the Schottky transistor structure.

Figure 8 is a simplified diagrammatic elevation view of the 15.0 mask and etch sequence of the bipolar transistor
fabrication process showing the new 15.0 Metal 1 definition mask with the new Metal 1 diode definition contact for the
improved Schottky diode structure and the photo-resist mask over the contact regions.

Figure 9 is a simplified diagrammatic elevation view of the Metal 2 definition mask with the deposited Metal 2.

Description of Preferred Example Embodiments and Best Mode of the Invention

An improved Schottky transistor structure 6 comprises a bipolar transistor structure 7 and a Schottky diode structure
8 with a retrograde diode well 9 and a diode junction 10, as illustrated in FIG. 9. An expanded buried collector layer
11 of said Schoittky transistor 6 and said retrograde diode well 9 form the substrate of said diode junction 10, thereby
replacing said prior art epitaxial layer 3 of the prior art Schottky transistor illustrated in FIG. 1. Said retrograde diode
well 9 provides a localized retrograde concentration of donors through the substrate underlying said diode junction 10
by the implantation of an N* concentration of relatively fast-diffusing Phosphorus atoms. Subsequent annealing drives
the Phosphorus atoms up from a semiconductor substrate 12 of P type semiconductor material through a lightly doped
epitaxial layer 13 of N type semiconductor material and up to an epitaxial layer surface 14.

Replacement of said prior art epitaxial layer 3 with said expanded buried collector layer 11 and said retrograde
diode well 9 increases the number of donors available in the substrate underlying said diode junction 10 by up to an
order of magnitude. Furthermore, the donor concentration at said diode junction 10 is about 1-3x1016--about the same
as the donor concentration for a Schottky diode junction of a prior art Schottky transistor with a uniform epitaxial region
of an equivalent donor concentration. The advantage of said retrograde diode well 9 lies in the increased donor con-
centration down through the semiconductor material to said expanded buried collector layer 11. This increasing donor
concentration results in a lower series resistance--the overall resistivity of said retrograde diode well 9 is much less
than the resistivity of said prior art epitaxial layer 3--thereby reducing the current path rate, resulting in a faster Schottky
diode structure 8.

Said improved Schottky transistor structure 6 may be fabricated utilizing either bipolar transistor structure or BIC-
MOS integrated circuit fabrication processes. In the preferred embodiment, the steps of a bipolar transistor fabrication
process utilized to fabricate said Schottky transistor structure 6 are illustrated in FIGS. 2-9. It is to be understood,
however, that the present invention can be fabricated in a BICMOS fabrication process. New bipolar mask structures
are also presented in these figures. Relevant portions of the mask sequence into which the fabrication of said Schottky
transistor structure 6 has been incorporated, are as follows:

Mask No. | Mask Function

1.0 Buried Collector Layer (BCL) Mask

2.0 Retro Sub-Emitter Collector (SEC) Mask

3.0 Channel Stop (CHST) Mask

4.0 Isolation Oxide (ISOX) Mask

50 Sink Implant & ISOX Gettering Mask

6.0 Field Oxide Mask & Collector Base Surface Spacer (CBSS) Definition Mask
7.0 Active Strip Mask

9.0 Base Definition Mask

10.0 Nitride Etch Mask or Collector Base & Emitter Contact Definition Mask

11.0 Emitter & Collector Sink Implant Mask (Self-Aligned Transistor Mask)

14.0 Contact Definition Mask

15.0 Metal 1 (M1) Deposition Mask

16.0 VIA Mask (Inter Layer Dielectric Mask)
17.0 Metal 2 (M2) Deposition Mask

18.0 Passivation Mask
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With reference to FIG. 2, said expanded buried collector layer 11 is first formed in said substrate 12 using the 1.0
BCL mask, etch and implant sequence. Relatively slow-diffusing N type Antimony atoms are implanted in said substrate
12 to an N* concentration through an initial oxide layer 15. The 1.0 mask is formed to expand a buried collector layer
definition mask for said bipolar transistor structure 7 with a buried collector defining opening 16, to include a buried
diode layer definition mask with a buried diode layer opening 17 for said improved Schottky diode structure 8. Said
buried collector layer defining opening 16 and said buried diode layer opening 17 join to form a single expanded buried
collector layer defining opening 18 of the 1.0 BCL mask.

Referring to FIG. 3, a new SEC photo-resist layer 19 is deposited to form the 2.0 retro SEC definition mask. The
new 2.0 mask is formed to provide a sub-emitter collector region definition mask with an SEC opening 20 for the
formation of a sub-emitter collector region 21 of said bipolar transistor structure 7. It also provides a retrograde diode
well definition mask with a retrograde diode well opening 22 over a buried diode region 23 of said expanded buried
collector layer 11 for said Schottky diode structure 8. Relatively fast-diffusing Phosphorus atoms are implanted to an
N+ concentration through the new 2.0 mask to form, among other sub-elements, said retrograde diode well 9. Alter-
natively, and as illustrated in FIG. 3A, a new 2.0 SEC mask may be formed to provide only said retrograde diode well
definition mask with said retrograde diode well opening 22, thereby eliminating the formation of said sub-emitter col-
lector region 21.

Said retrograde diode well 9 is localized within said expanded buried collector layer 11 to underlay said diode
junction 10. Specifically, said retrograde diode well 9 is arranged to be in vertical alignment with said diode junction 9,
in substantially the same cross-sectional area. The dimensions of said retrograde diode well 9 may be tailored to the
particular characteristics of said bipolar transistor structure 7. In the preferred embodiment of the present invention,
Phosphorus atoms are used for the N+ concentration implant of said retrograde diode well 9, as well as the optional
sub-emitter collector region 21, for faster up-diffusion during subsequent annealing steps so as to provide retrograde
concentrations extending into the subsequently deposited lightly-doped epitaxial layer 13.

The 3.0 mask, etch and implant sequence is used to define and implant channel stop regions 24 adjacent to all
structures. Boron atoms are implanted to a P+ concentration in said channel stop regions 24. Said lightly-doped epitaxial
layer 13, a single crystal layer of n-type silicon, is then deposited uniformly over all structures in a blanket epitaxial
deposition sequence without a mask.

Referring to FIG. 4, isolation oxide regions 25 are established around adjacent structures using the 4.0 isolation
oxide mask, etch and oxidation sequence. A collector sink region 26 is then formed in said epitaxial layer 13 using the
5.0 mask, etch and implant sequence. The 5.0 mask is formed to provide a collector sink definition and implant mask
with a collector sink opening 27. Relatively fast-diffusing Phosphorus atoms in an N* concentration are implanted
through the 5.0 mask to form said collector sink region 26 of said bipolar transistor structure 7. The 5.0 mask is also
formed for implanting said isolation oxide regions 25 with the same Phosphorus atoms to act as a gettering agent. A
uniform nitride layer 28 is then deposited in a blanket chemical vapor deposition across all structures.

The 6.0 active mask is formed for etching said nitride layer 28. Openings in the 6.0 mask define field oxide regions
which frame surfaces of adjacent structures. In addition, the 6.0 mask functions as a collector/base surface spacer
region definition mask for the formation of a collector/base surface spacer region 29 of said bipolar transistor structure
7 in a subsequent oxidation sequence. In the 7.0 active strip mask steps said nitride layer 28 is stripped on all surfaces
except over said bipolar transistor structure 7. A polycrystalline silicon layer is then deposited over all structures in a
blanket deposition.

Referring to FIG. 5, the 9.0 mask, etch and implant sequence is used for defining and implanting a base region
30 of said bipolar transistor structure 7. The 10.0 nitride etch mask is formed to provide not only a collector, base and
emitter contact definition mask with collector, base and emitter contact openings 31 for said bipolar transistor structure
7, but also a diode junction contact region opening 32. An epitaxial oxide layer 33 over said bipolar transistor structure
7 is screen oxide for later donor implants. The new 10.0 mask defines a collector contact region 34, a base contact
region 35, an emitter contact region 36 of said bipolar transistor structure 7, and a diode junction contact region 37 of
said diode structure 8.

The 11.0 emitter and collector sink mask and implant step is utilized to further dope an emitter region 38 and said
collector sink region 26 of said bipolar transistor structure 7 with an N* concentration of N type Arsenic atoms. While
prior annealing steps initiated up-diffusion of said collector sink region 26, and said retrograde diode well 9, subsequent
annealing completes development of the donor concentration profile throughout those regions. This full development
includes the retrograde diffusion of said retrograde diode well 9 substantially to said epitaxial layer surface 14 in prep-
aration of the formation of said diode junction 10 of said Schottky diode structure 8. Following the 11.0 mask implant,
a blanket low temperature oxide (LTO) layer 39 is deposited over all structures.

Referring to FIGS. 6 and 7, said diode junction 10 is formed by first depositing a new photo-resist layer to form
the 14.0 mask as part of the new 14.0 mask, etch and deposition sequence. The 14.0 mask is formed to provide not
only the bipolar transistor contact definition mask with bipolar transistor structure contact openings 40, but also a diode
junction contact definition mask with a diode junction opening 41 wherein a base contact opening 42 of said transistor
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contact openings 40 is expanded to include said diode junction opening 41. Subsequent etching of said LTO layer 39
leaves bipolar transistor structure contact definition regions 43 and a diode junction contact definition region 44.

As illustrated in FIG. 7, a blanket Platinum layer 45 is deposited on all structures and subsequent sintering forms
a Platinum-Silicide composite at all of the exposed contact definition regions, resulting in a collector contact 50, an
emitter contact 51 and a base contact 52. For said Schottky diode structure 8, said Platinum-Silicide composite forms
said diode junction 10 at said diode junction region 44 because the concentration of donors at said diode junction 10
is less than about 5x1017cm™3. In the preferred embodiment of the present invention said diode junction 10 is formed
as part of an expanded base contact 53, due to the expansion of said base contact opening 42. A Ti/W blanket layer
46 and then an Al/Cu blanket layer 47 are deposited on all structure surfaces. These metals form the basis of Metal 1
(M1) contacts for all active regions of said bipolar transistor structure 7 and said Schottky diode structure 8.

As illustrated in FIGS. 8 and 9, a photo-deposit layer is deposited to form the 15.0 M1 mask. The 15.0 mask is
formed to provide openings for subsequent etching of said Ti/W blanket layer 46 and said Al/Cu blanket layer 47 over
portions of said bipolar transistor structure 6. Following the etching of said Ti/W blanket layer 46 and said Al/Cu blanket
layer 47, an interlayer dielectric 48 is deposited over all structures. Said interlayer dielectric 48 is masked and etched
using the 16.0 VIA mask and etch sequence, followed by deposition of a second metal layer 49 using the 17.0 Metal
2 (M2) mask and deposition sequence. The final passivation etch and mask sequence cuts holes in said nitride layer
28 for bond pads.

Claims

1. A process for fabricating a Schottky transistor structure having a bipolar transistor structure (7) and a Schottky
diode structure (8), the bipolar transistor structure having collector, base (30) and emitter (38) regions formed in
the surface of an epitaxial layer (13) of semiconductor material deposited over a substrate and a buried collector
layer formed in the substrate underlying the collector, base and emitter regions, the buried collector layer being
separated from the base and emitter regions by a portion of the epitaxial layer, in which the Schottky diode fabri-
cation comprises steps in the following sequence of:

a. forming a buried diode layer (11) by implanting N type atoms in the substrate through a buried diode layer
defining mask opening during a bipolar buried collector layer definition mask sequence;

b. forming a retrograde diode well (9) by implanting N type atoms through a retrograde diode well defining mask
opening and into the buried diode layer;

c. depositing said epitaxial layer (13) over the buried diode layer and the retrograde diode well and up-diffusing
the diode well to the surface of the epitaxial layer,;

d. forming a diode junction contact region (37) over the retrograde diode well by depositing a blanket layer of
refractory metal over the epitaxial layer and etching the refractory metal while leaving a refractory metal diode
junction contact during a bipolar contact definition mask sequence; and

e. forming a metal contact over the diode junction contact during a bipolar Metal 1 contact definition mask se-
quence.

2. Aprocess according to claim 1 in which the bipolar transistor (7) has a collector sink region formed in the epitaxial
layer electrically coupling the collector region with the buried collector layer and a sub-emitter collector region
formed in the buried collector layer extending to and electrically coupling the base region with the buried collector
region, the Schottky transistor structure is isolated from adjacent structures by isolation oxide regions, a collector/
base surface spacer region separates the collector from the base, and there are integrated contact regions at the
surfaces of the collector, base and emitter regions; and in which the bipolar process comprises the steps of:

a. forming the buried collector layer of the bipolar transistor structure in the substrate using the buried collector
layer definition mask, etch and implant sequence to implant first N type atoms through a buried collector layer
defining opening of the buried collector layer definition mask and into the substrate;

b. formingthe collector sink region of the bipolar transistor structure in the epitaxial layer over the buried collector
layer using a collector sink region definition mask, etch and implant sequence to implant relatively fast-dif-
fusing N type atoms through a collector sink defining opening of the collector sink definition mask;
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c. forming the integrated bipolar contact regions of the bipolar transistor structure using a bipolar transistor
contacts definition mask, etch and deposition sequence to deposit a blanket of refractory metal on the bipolar
transistor structure and etching the refractory metal through bipolar contacts defining openings of the bipolar
contacts definition mask so as to form bipolar transistor structure contact regions; and

d. forming Metal 1 contacts of the bipolar transistor structure usingthe Metal 1 definition mask and etch sequence
to form the Metal 1 contacts through Metal 1 contacts defining openings of the Metal 1 definition mask;

the fabrication of the Schottky transistor structure further comprises the steps of:

a. constructing said buried collector layer definition mask also as a buried diode layer definition mask with a
buried diode layer defining opening over said substrate and implanting said N type atoms through said buried
layer defining opening while forming said buried collector layer,;

b. forming said retrograde diode well in said epitaxial layer using a retrograde diode well definition mask, etch
and implant sequence to implant N type atoms through a retrograde diode well defining opening of said ret-
rograde diode well mask;

c. constructing the bipolar contacts definition mask also as a diode junction contact definition mask with a diode
junction defining openings over the retrograde diode well, depositing the blanket of refractory metal over the
diode junction contact opening and etching the refractory metal through the diode junction contact defining
opening while etching the refractory metal blanket to form the bipolar transistor structure contact regions; and

d. constructing the Metal 1 definition mask also as a diode Metal 1 definition mask with a diode Metal 1 defining
opening over the diode junction to form a diode Metal 1 contact while forming the Metal 1 contacts of the
bipolar transistor structure.

A process according to claim 2, further comprising the step of forming the sub-emitter collector region of the bipolar
transistor structure using a sub-emitter collector region definition mask, etch and implant sequence to implant N
type atoms through a sub-emitter collector region defining opening of the sub-emitter collector region definition
mask and constructing the sub-emitter collector region definition mask also as the retrograde diode well mask with
the retrograde diode well defining opening over the buried diode layer and implanting the N type atoms through
the retrograde diode well defining opening while forming the sub-emitter collector region of the bipolar transistor
structure.

A process according to claim 1 or claim 2 in which the refractory metal is Platinum.

A process according to claim 4 wherein the diode junction is formed by sintering the Platinum on a surface of the
retrograde diode well so as to form a Platinum-Silicide junction.

A process according to claim 2, further comprising the step of modifying the buried collector layer defining opening
of the buried collector layer definition mask to include the buried diode layer defining opening such that the buried
collector layer and the buried diode layer form a single expanded buried collector layer.

A process according to claim 2, further comprising the step of modifying a base contact opening of the bipolar
contacts definition mask to include the diode junction defining opening such that the base contact and the diode
junction form a single expanded base contact.

Patentanspriiche

1.

Verfahren zur Herstellung einer Schottky-Transistorsstruktur mit einer Bipolartransistorsstrukiur (7) und einer
Schottky-Diodenstruktur (8), wobei die Bipolartransistorstrukiur Kollektor-, Basis- (30) und Emitterbereiche (38)
aufweist, die in der Oberflache einer Epitaxieschicht (13) aus Halbleitermaterial gefertigt sind, die Uber ein Substrat
abgeschieden ist, und eine versenkie Kollekiorschicht, die in dem Substrat unterhalb der Kollektor-, Basis- und
Emitterbereiche ausgebildet ist, wobei die versenkie Kollektorschicht von dem Basis- und dem Emitterbereich
durch einen Teil der Epitaxieschicht getrennt ist, wobei die Schottkydioden-Herstellung Schritte in der folgenden
Reihenfolge aufweist:
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a) Ausbilden einer versenkten Diodenschicht (11) durch Implantieren N-artiger Atome in das Substrat durch
eine versenkte Diodenschicht, die eine Maskendffnung definiert, wahrend einer Bipolar-Versenkkollektor-
schichtdefinitionsmaskensequenz,

b) Ausbilden einer retrogradierten Diodenwanne (9) durch Implantieren von N-artigen Atomen durch eine re-
trogradierte Diodenwannen-Definitionsmaskenéffnung und in die versenkte Diodenschicht,

¢) Abscheiden der Epitaxieschicht (13) ber die versenkie Diodenschicht und die retrogradierte Diodenwanne
und Aufdiffundieren der Diodenwanne zur Oberflache der Epitaxieschicht,

d) Ausbilden eines Diodenlbergangs-Kontakibereichs (37) lber der retrogradierten Diodenwanne durch Ab-
scheiden einer Deckschicht aus Refraktormaterial Uber die Epitaxieschicht und Atzen des Refraktormaterials,
wéahrend ein Refraktormetalldiodeniibergangskontakt verbleibt, wahrend einer Bipolarkontaktdefinitionsmas-
kensequenz, und

e) Ausbilden eines Metallkontakts Giber dem Diodenlbergangskontakt wahrend einer Bipolarmetallkontaktde-
finitionsmaskensequenz.

2. Verfahren nach Anspruch 1,

wobei der Bipolartransistor (7) einen Kollekiorsenkenbereich aufweist, der in der Epitaxieschicht ausgebildet ist
und den Kollektorbereich mit der versenkten Kollektorschicht verbindet, und einen Sub-Emitter-Kollektorbereich,
der in der versenkten Kollektorschicht ausgebildet ist, sich zum Basisbereich erstreckt und den Basisbereich mit
dem versenkten Kollektorbereich elekirisch koppelt, wobei die Schottky-Transistorstrukiur von angrenzenden
Strukturen durch Isolationsoxidbereiche isoliert ist, ein Kollektor/Basis-Oberflachenabstandsbereich den Kollektor
von der Basis trennt und wobei integrierte Kontakibereiche an den Oberflachen der Kollekior-, Basis- und Emit-
terbereiche vorhanden sind und wobei der Bipolarprozef3 die Schritte aufweist:

a) Ausbilden der versenkten Kollektorschicht der Bipolartransistorstruktur in dem Substrat unter Verwendung
der Versenkkollektorschicht-Definitionsmaskenatz- und Implantationssequenz zum Implantieren erster N-ar-
tiger Atome durch eine Versenkkollektorschicht-Definitionséfinung der Versenkkollektorschichtdefi-
nitionsmaske und in das Substrat,

b) Ausbilden des Kollektorsenkenbereiches der Bipolartransistorstruktur in der Epitaxieschicht tber der ver-
senkten Kollektorschicht unter Verwendung einer Kollektorsenkenbereichsdefinitionsmaskenatz- und Implan-
tationssequenz zum Implantieren relativ schnell diffundierender N-artiger Atome durch eine Kollektorsenken-
definitionséffnung der Kollektorsenkendefinitionsmaske,

¢) Ausbilden der integrierten bipolaren Kontaktbereiche der Bipolartransistorstrukiur unter Verwendung einer
Bipolartransistorkontaktdefinitionsmasken-, Atz- und Abscheidungssequenz zum Abscheiden einer Decke von
Refraktormetall auf der Bipolartransistorstruktur und Atzen des Refraktormetalls durch Bipolarkontaktdefiniti-
onséffnungen der Bipolarkontaktdefinitionsmaske zur Ausbildung von Bipolartransistorstrukiurkon-
taktbereichen und

d) Ausbilden von Metall 1-Kontakten auf der Bipolartransistorstruktur unter Verwendung der Metall-1-Defini-
tionsmasken- und Atzsequenz zur Ausbildung der Metall-1-Offnungen durch Metall-1-Kontakt-Definitionséff-
nungen und der Metall-1-Definitionsmaske, wobei die Ausbildung der Schottky-Transistorstruktur weiterhin
die Schritte aufweist:

a. Aufbau der Versenkkollektorschichtdefinitionsmaske auch als Versenkdiodenschichtdefinitionsmaske
mit einer Versenkdiodenschichtdefinitionséfinung tber dem Substrat und Implantieren der N-artigen Ato-
me durch die Versenkschichtdefinitionséffnung, wahrend des Ausbildens der versenkten Kollektorschicht,
b. Ausbilden der retrogradierten Diodenwanne in der Epitaxieschicht unter Anwendung einer
Retrogradationsdiodenwannedefinitionsmaskenéatz- und Implantationssequenz zum Implantieren N-arti-
ger Atome durch eine Retrogradierdiodenwannendefinitionséffnung der Retrogradationsdiodenwannen-
maske,

c¢. Aufbau der Bipolarkontaktdefinitionsmaske auch als eine Diodeniibergangskontaktdefinitionsmaske mit
Diodenubergangsdefinitionsdfinungen lber der retrogradierten Diodenwanne, Abscheiden der Decke des
Refraktormaterials iber der Diodenilbergangskontaktéfinung und Atzen des Refraktormetalls durch die
Diodeniibergangskontaktdefinitionséffnung wahrend Atzen des Refraktormetallrohlings zur Ausbildung
der Bipolartransistorstrukturkontaktbereiche und

d. Aufbau der Metall-1-Definitionsmaske auch als eine Diodenmetall-1-Definitionsmaske mit einer Dioden-
metall-1-Definitionséffnung Gber den Diodeniibergang zur Ausbildung eines Diodemetall-I-Kontaktes wah-
rend der Ausbildung des Metall-1-Kontaktes der Bipolartransistorstruktur.

3. Verfahren nach Anspruch 2,
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mit weiterhin einem Schritt der Ausbildung eines Sub-Emitter-Kollektorbereich der Bipolartransistorstruktur unter
Verwendung einer Subemitterkollekiorbereichsdefinitionsmaskenatz- und Implantationssequenz zum Implantie-
ren N-artiger Atome liber einen Subemitterkollektorbereichsdefinitionséffnung der Subemitterkollektorbereichsde-
finitionsmaske und Aufbau der Subemitterkollektorregiondefinitionsmaske auch als die retrogradierte Diodenwan-
nenmaske mit der Retrogradationsdiodenwannendefinitionséffnung ber die versenkte Diodenschicht und Implan-
tieren der N-artigen Atome durch die retrogradierte Diodenwannendefinitionséffnung wahrend der Ausbildung des
Subemitterkollektorbereichs der Bipolartransistorstruktur.

4. \Verfahren nach Anspruch 1 oder 2,
wobei das Refraktormetall Platin ist.

5. Verfahren nach Anspruch 4,
wobei der Diodenlbergang durch Sintern des Platins auf einer Flache der retrogradierten Diodenwanne gebildet
ist, um einen Platin-Silizid-Ubergang zu bilden.

6. Verfahren nach Anspruch 2 mit weiterhin dem Schritt der Modifizierung der Versenkkollektorschichtdefi-
nitionséffnung der Versenkkollektorschicht-Definitionsmaske zum EinschlieBen der Versenkdiodenschichtdefinit-
ionséffnung, so dafl die versenkte Kollektorschicht und die versenkte Diodenschicht eine einzelne ausgedehnte
versenkte Kollektorschicht bilden.

7. Verfahren nach Anspruch 2 mit weiterhin einem Schritt der Modifizierung einer Basiskontakiéffnung der Basiskon-
taktdefinitionsmaske zum EinschlieBen der Diodeniibergangsdefinitionséffnung derart, da der Basiskontakt der
Diodenubergang einen einzelnen ausgedehnten Basiskontaki bilden.

Revendications

1. Procédé de fabrication d'une structure de transistor Schottky ayant une structure de transistor bipolaire (7) et une
structure de diode Schottky (8), la structure de transistor bipolaire ayant des régions de collecteur de base (30)
et d'émetteur (38) formées dans la surface d'une couche épitaxiale (13) de matiére semiconductrice déposée sur
un substrat et une couche de collecteur enterrée formée dans le substrat sous-jacent aux régions de collecteur,
de base et d'émetteur, la couche de collecteur enterrée étant séparée des régions de base et d'émetteur par une
partie de la couche épitaxiale, dans lequel la fabrication de la diode Schottky comporte des étapes dans la sé-
quence suivante consistant a:

a. former une couche de diode enterrée (11) en implantant des atomes de type N dans le substrat a travers une
ouverture de masque de définition de couche de diode enterrée pendant une séquence de masquage de
définition de couche de collecteur enterrée bipolaire ;

b. former un puits de diode rétrograde (9) en implantant des atomes de type N a travers une ouverture de
masque de définition de puits de diode rétrograde et jusque dans la couche de diode enterrée ;

c. déposer ladite couche épitaxiale (13) sur la couche de diode enterrée et le puits de diode rétrograde et a
diffuser le puits de diode vers le haut jusqu'a la surface de la couche épitaxiale ;

d. former une région de contact de jonction de diode (37) par-dessus le puits de diode rétrograde en déposant
une couche de couverture de métal réfractaire sur la couche épitaxiale et en attaquant le métal réfractaire
tout en laissant un contact de jonction de diode en métal réfractaire pendant une séquence de masquage de
définition de contact bipolaire ; et

e. former un contact métallique par-dessus le contact de jonction de diode pendant une séquence de masquage
de définition de contact en premier métal bipolaire.

2. Procédé selon la revendication 1, dans lequel le transistor bipolaire (7) a une région de récepteur de courant de
collecteur formée dans la couche épitaxiale couplant électriquement la région de collecteur avec la couche de
collecteur enterrée et une région de collecteur de sous-émetteur formée dans la couche de collecteur enterrée
s'étendant jusqu'a la région de collecteur enterrée et couplant la région de base électriquement avec celle-ci, la
structure de transistor Schottky est isolée de structures adjacentes par des régions d'oxyde isolant, une région
d'espacement collecteur/ surface de base sépare le collecteur de la base, etily a des régions de contact intégrées
au niveau des surfaces des régions de collecteur, de base et d'émetteur ; et dans lequel le procédé bipolaire
comporte les étapes consistant a:
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a. former la couche de collecteur enterrée de la structure de transistor bipolaire dans le substrat en utilisant la
séquence de masquage de définition de couche de collecteur enterrée, d'attaque et d'implantation pour im-
planter des premiers atomes de type N & travers une ouverture de définition de couche de collecteur enterrée
du masque de définition de couche de collecteur enterrée et jusque dans le substrat ;

b. former la région de récepteur de courant de collecteur de la structure de transistor bipolaire dans la couche
épitaxiale par-dessus la couche de collecteur enterrée en utilisant une séquence de masquage de définition
de région de récepteur de courant de collecteur, d'attaque et d'implantation pour implanter des atomes de
type N a diffusion relativement rapide a travers une ouverture de définition de récepteur de courant de col-
lecteur du masque de définition de récepteur de courant de collecteur

c. former les régions de contact bipolaire intégrées de la structure de transistor bipolaire en utilisant une sé-
quence de masquage de définition de contacts de transistor bipolaire, d'attaque et de dépét pour déposer
une couverture de métal réfractaire sur la structure de transistor bipolaire et attaquer le métal réfractaire a
travers des ouvertures de définition de contacts bipolaires du masque de définition de contacts bipolaires de
maniére a former des régions de contact de structure de transistor bipolaire ; et

d. former des contacts en premier métal de la structure de transistor bipolaire en utilisant la séquence de mas-
quage de définition et d'attaque de premier métal pour former les contacts en premier métal a travers des
ouvertures de définition de contacts en premier métal du masque de définition de premier métal ;

la fabrication de la structure de transistor Schottky comportant, en outre, les étapes consistant &a:

a. construire ledit masque de définition de couche de collecteur enterrée également en tant que masque de
définition de couche de diode enterrée avec une ouverture de définition de couche de diode enterrée par-
dessus ledit substrat et implanter lesdits atomes de type N a travers ladite ouverture de définition de couche
enterrée tout en formant ladite couche de collecteur enterrée ;

b. former ledit puits de diode rétrograde dans ladite couche épitaxiale en utilisant une séquence de masquage
de définition de puits de diode rétrograde, d'attaque et d'implantation pour implanter des atomes de type N
atravers une ouverture de définition de puits de diode rétrograde dudit masque de définition de puits de diode
rétrograde ;

c. construire le masque de définition de contacts bipolaires également en tant que masque de définition de
contact de jonction de diode avec des ouvertures de définition de jonction de diode par-dessus le puits de
diode rétrograde, déposer la couverture de métal réfractaire sur l'ouverture de définition de contact de jonction
de diode et attaquer le métal réfractaire & travers l'ouverture de définition de contact de jonction de diode tout
en attaquant la couverture de métal réfractaire pour former les régions de contact de la structure de transistor
bipolaire ; et

d. construire le masque de définition de premier métal également en tant que masque de définition de premier
métal de diode avec une ouverture de définition de premier métal de diode par-dessus la jonction de diode
pour former un contact en premier métal de diode tout en formant les contacts en premier métal de la structure
de transistor bipolaire.

Procédé selon la revendication 2, comportant, en outre, I'étape consistant & former la région de collecteur de sous-
émetteur de la structure de transistor bipolaire en utilisant une séquence de masquage de définition de région de
collecteur de sous-émetteur, d'attaque et d'implantation pour implanter des atomes de type N a travers une ouver-
ture de définition de région de collecteur de sous-émetteur du masque de définition de région de collecteur de
sous-émetteur et a construire le masque de définition de région de collecteur de sous-émetteur également en tant
que masque de définition de puits de diode rétrograde avec I'ouverture de définition de puits de diode rétrograde
par-dessus la couche de diode enterrée et a implanter les atomes de type N & travers l'ouverture de définition de
puits de diode rétrograde tout en formant la région de collecteur de sous-émetteur de la structure de transistor
bipolaire.

Procédé selon la revendication 1 ou la revendication 2, dans lequel le métal réfractaire est le platine.

Procédé selon la revendication 4, dans lequel la jonction de diode est formée en frittant le platine sur une surface
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du puits de diode rétrograde de maniére a former une jonction platine-siliciure.

Procédé selon la revendication 2, comportant, en outre, I'étape consistant & modifier I'ouverture de définition de
couche de collecteur enterrée du masque de définition de couche de collecteur enterrée pour inclure I'ouverture
de définition de couche de diode enterrée de telle sorte que la couche de collecteur enterrée et la couche de diode
enterrée forment une seule couche de collecteur enterrée agrandie.

Procédé selon la revendication 2, comportant, en outre, I'étape consistant & modifier une ouverture de contact de

base du masque de définition de contacts bipolaires pour inclure I'ouverture de définition de jonction de diode de
telle sorte que le contact de base et la jonction de diode forment un seul contact de base agrandi.
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